In microbiological water quality testing, sample dechlorination with sodium thiosulfate is recommended to ensure that results accurately reflect the water quality at sample collection.
INTRODUCTION
The provision of treated drinking water prevents disease and protects public health. To ensure water safety, agencies such Due to the ubiquity of the sodium thiosulfate recommendation, few recent studies have investigated the effects of dechlorination. One study found that omitting sodium thiosulfate during sample collection resulted in false negative readings of legionella in hot water supplies held for 30 minutes before analysis (Wiedenmann et al. ) . A second investigation of mycobacteria in chlorinated swimming pools identified varying effects (both positive and negative) of dechlorination on bacteria detection by different methods with holding time up to 2 weeks (Iivanainen et al. ) .
Lastly, a study on acidified sodium chlorite, a disinfectant used in poultry and meat processing, concluded that sodium thiosulfate had no deleterious effect on E. coli survival, and that disinfection continued in spiked water samples stored for 5 minutes without sodium thiosulfate (Kemp & Schneider ) . These recent studies have not impacted the dechlorination recommendations.
Through the Monitoring for Safe Water (MfSW) program, the Aquaya Institute collaborated with 26 water utilities and public health agencies in six sub-Saharan African countries to evaluate microbiological water quality practices and build capacity for improved monitoring.
All of these partners collected drinking water quality data, including indicator bacteria and free chlorine residual (FCR). A review of eleven water suppliers in July 2014 determined that five (45%) did not add sodium thiosulfate to dechlorinate water samples collected for microbiological analysis. This finding suggests that, in resource-limited contexts, sampling drinking water without dechlorinating may be common. However, there is a lack of research quantifying the extent to which this practice affects indicator bacteria counts (and therefore diarrheal disease risk levels) specific to drinking water quality monitoring.
The goal of this investigation was to evaluate the effects of dechlorination on the microbiological analysis of chlorinated drinking water supplies analyzed with current laboratory techniques. This was accomplished by measuring fecal indicator bacteria in both (1) E coli-spiked and chlorinated laboratory water samples and (2) water samples collected from chlorinated drinking water supplies across sub-Saharan Africa to determine if there was a detectable difference in indicator bacteria counts between samples held with and without sodium thiosulfate. Unchlorinated spiked water was assayed for E. coli within 1 hour of spiking to determine the starting E. coli concentration.
METHODS

Laboratory methods
Culture
All E. coli-spiked samples were assayed after holding 5-7 hours with and without sodium thiosulfate. Holding time was consistent between paired sets of samples in each experiment.
The entire protocol was repeated for a total of six spiked water tests: one at each of the five target E. coli concentrations, and a replicate experiment at the 1 × 10 5 CFU/ 100 mL E. coli concentration.
Bacteria enumeration
E. coli concentrations in water samples were enumerated using 
Field methods
Four African water suppliers from the MfSW program (a regional water supplier in Zambia, a town supplier in Kenya, and two water suppliers in Uganda) were selected to perform parallel testing of chlorinated drinking water.
Suppliers were selected because they (1) delivered chlorinated water through a piped network, (2) demonstrated a strong microbiological water quality testing program including regular testing, yet (3) did not regularly use sodium thiosulfate in sampling, and (4) were willing to participate in the study. Two samples (one with sodium thiosulfate and one without sodium thiosulfate) were collected from sources including water treatment plants, storage tanks, and distribution network taps. Samples were placed on ice and assayed for thermotolerant coliforms within 8 hours using membrane filtration with m-lauryl sulfate media.
Plates were incubated at 44 C for 18-24 hours and counted.
Data analysis
Data were entered into, and analyzed in, Microsoft Excel 
unchlorinated laboratory samples, and (3) field samples.
A false negative rate for field-performed tests without sodium thiosulfate was also calculated. (Tables 1-6 ). For a starting concentration of ∼10 5 CFU/100 mL, chlorinated samples had 5-190 CFU/100 mL in one trial (Table 2) and 36-7,600 in another (Table 3) .
For a starting concentration of ∼10 6 CFU/100 mL, chlorinated samples had 60-2,100 CFU/100 mL (Table 4) . For a starting concentrations of ∼10 7 and ∼10 8 CFU/100 mL, chlorinated samples had 180-16,000 CFU/100 mL and 330-13,200 CFU/100 mL, respectively (Tables 5 and 6 ).
E. coli concentrations in chlorinated water samples collected without sodium thiosulfate were consistently lower (Tables 1-6 ).
Field results
Seventy-nine paired water samples were collected from five with sodium thiosulfate, with median 2 CFU/100 mL (range 1-9 CFU/100 mL) ( Table 7) . Thermotolerant coliforms were detected in three samples (3.8%) collected without sodium thiosulfate, with median 2 CFU/100 mL (range 1-6 CFU/100 mL) ( Table 7) . Thermotolerant coliform counts in samples collected with sodium thiosulfate were statistically significantly higher than counts in samples collected without sodium thiosulfate (p < 0.001). Tests completed on samples without sodium thiosulfate had a false negative rate of 87.5% (21 of 24 samples had no detectable thermotolerant coliform, whereas paired samples with sodium thiosulfate had detectable thermotolerant coliform).
DISCUSSION
In both laboratory E. coli-spiked water and chlorinated drinking water supplies in sub-Saharan Africa, samples While it is unlikely that contamination on the level of the laboratory-spiked water would be found in chlorinated drinking water supplies, observed differences up to 1.6 × 10 4 CFU/100 mL in laboratory samples illustrate the potential for large errors in microbiological test results if chlorinated water is collected without dechlorination.
Additionally, field test results demonstrate that even small differences in indicator bacteria counts between samples collected with and without sodium thiosulfate can cause drinking water samples to be misclassified as complying with microbiological standards (non-detectable in 100 mL) when they do not. Because of these high potential errors, prior data collected without the use of sodium thiosulfate should not be used.
In laboratory testing, samples with positive FCR readings had no detectable E. coli, as would be expected.
However, among historical data collected by water suppliers participating in the MfSW program, there were samples that exhibited both positive FCR readings and positive thermotolerant coliform counts (data not shown). There are several explanations for why this could occur in the field: (1) 
CONCLUSIONS
In microbiological water quality testing, it has long been recommended to dechlorinate samples with sodium thiosulfate upon collection. Despite this, research shows that many drinking water quality monitoring institutions in subSaharan Africa do not dechlorinate samples, and the impact of this practice on drinking water safety is unclear.
We tested fecal indicator bacteria in paired samples collected with and without dechlorination in two settings:
E. coli-spiked, chlorinated, laboratory water; and drinking water supplies in sub-Saharan Africa. In all cases, bacteria counts were lower in samples that were not dechlorinated with sodium thiosulfate before processing. These results highlight the importance of adhering to sample dechlorination guidelines due to the risk of artificially low or false negative bacteria counts. There may also be a need to reinforce microbiological test procedures among resourcelimited monitoring institutions to improve water safety management.
